Ba(Fe 1−x Co x ) 2 As 2 single crystals with quality much improved by annealing. We previously reported that the in-plane resistivity is almost isotropic in the undoped BaFe 2 As 2 after the crystal quality is improved by annealing [13] . Below it will be shown that the magnitude of residual resistivity both in a-and b-direction as well as their anisotropy remarkably increase in proportion to the doped Co content x in the AFO phase. This result gives evidence that the in-plane resistivity anisotropy originates from Co impurity scattering. The diminished in-plane resistivity anisotropy in hole-doped Ba 1−x K x Fe 2 As 2 is understood as a consequence of very weak carrier scattering of doped K atoms since the dopant site is away from the Fe plane.
Single crystals of Ba(Fe 1−x Co x ) 2 As 2 were grown by the self-flux method as described elsewhere [14] . The Co compositions of the samples were determined by inductively coupled plasma (ICP) analysis. In Fig. 1 we show the phase diagram of Ba(Fe 1−x Co x ) 2 As 2 obtained from the in-plane resistivity measurement on twinned single crystals. Typical dimension of the crystal is 1.5×1.5 mm 2 in the ab-plane area and 0.5 mm in thickness along the c axis. The crystals were sealed in an evacuated quartz tube together with BaAs powders and annealed for several days at 800 o C. This annealing was found to remarkably improve transport properties in the ordered phase of BaFe 2 As 2 [13, 15] , which indicates that the as-grown crystals contain appreciable amount of defects/impurities, and hence the observation of the intrinsic charge transport in this system might be disturbed.
The magnitude and temperature (T ) dependence of resistivity look different from those reported by Chu et al.
[1], particularly in the AFO phase. For the measurement of in-plane resistivity anisotropy, Ba(Fe 1−x Co x ) 2 As 2 crystals were set in an uniaxial pressure cell and detwinned by applying compressive pressure along the tetragonal (110) direction [16] . The resistivities along the a and b axis were measured simultaneously using the Montgomery method [17] without releasing pressure. The measurements were performed in a Quantum
Design physical property measurement system (PPMS). shifts to higher temperature by the applied uniaxial pressure, consistent with the X-ray diffraction [11] and the neutron scattering [12] measurements. The pressure-induced shift becomes smaller with increasing Co content. On the other hand, for annealed crystals, even for x = 0, there appears no appreciable shift of T s and T N by detwinning.
The resistivity anisotropy is not large but finite for the as-grown BaFe 2 As 2 (x = 0).
The results for as grown crystals ( Fig. 1(c) ) reproduce those in the previous reports to the resistivity anisotropy stems from the anisotropic residual resistivity.
As regards T dependence of resistivity, in the case of as-grown x = 0.04 sample, ρ a and ρ b show different T dependence in the AFO phase; ρ a is metallic whereas ρ b is nearly Tindependent. The reason for this difference is probably due to the inhomogeneity of Co concentration and/or the crystal defects. As a consequence of such disorder, the transition broadens and the AFO order may not develop over the entire sample even at low temperatures. At higher doping levels, x ≥ 0.05, neither ρ a nor ρ b exhibit clear changes any more at the transition temperature. This is because the AFO order weakens so that the compounds become relatively insensitive to disorder, dopant Co atom, and lattice defects, which exist before annealing.
For crystals with x = 0, 0.02, and 0.04, the PT-AFO transition sharpens after annealing, and the temperature range of the anisotropy above T s is narrowed. It is expected for x =0 (and maybe for x = 0.02) that in the clean limit the anisotropy above T s vanishes as in the case of SrFe 2 As 2 and CaFe 2 As 2 where the in-plane resistivity anisotropy above T s is negligibly small (the phase transition is essentially of first order) [19] .
These results suggest that the resistivity anisotropy persisting above T s is due to the spacial inhomogeneity of the Co impurity concentration and/or lattice defects rather than due to the existence of the nematicity. If the nematicity were to exist, by annealing the magnitude of resistivity anisotropy above T s as well as the temperature where ρ a and ρ b start to split (T * ) would be increased, since T s increases after annealing which indicates that the anisotropic electronic states becomes more stable. This is in contradiction to the experimental result that the annealing decreases the overall resistivity anisotropy as well as T * . Thus, the observed resistivity anisotropy above T s is probably extrinsic in origin as in the case of the anisotropy in the AFO phase.
As we previously reported, in the AFO ordered phase of the annealed BaFe 2 As 2 , the residual resistivity remarkably decreases and the in-plane resistivity anisotropy becomes vanishingly small at low temperatures [13] . From the results of magneto-transport measurements we concluded that some carriers in the AFO phase have high and isotropic mobility and mask the intrinsically anisotropic charge dynamics revealed by the measurement of optical conductivity [20] . These high-mobility carriers would arise from Dirac-cone shaped energy bands, inherent to the unique topological nature of the band structure of BaFe 2 As 2 in the AFO phase [21, 22] .
It is unlikely that only 2 % Co substitution wipes out the Dirac Fermi pocket and unmasks the intrinsic anisotropy and/or make the Fermi surface or the effective mass of carriers dramatically anisotropic [23] . annealing, by an order lower than that of as-grown crystal. Upon Co doping a very large residual resistivity is produced in both directions. As guided by dashed lines, the increase in the residual resistivity is nearly proportional to the Co content in the "pure" AFO regime (x ≤ 0.04). In particular, its increase in the b direction is remarkable. Consequently, not only the residual resistivity, but also ρ b -ρ a is proportional to the Co concentration up to x = 0.04, as plotted in Fig. 2(b) . The ρ 0 value along the b axis well exceeds 100 µΩcm for 2 % substitution of Co atoms, which is comparable with ρ 0 induced by Zn doping into underdoped cuprates [24] .
To summarize present results, the magnitude of both the residual resistivity component and the resistivity anisotropy increase linearly with the doped Co content. Below, we discuss the microscopic origin of the in-plane resistivity anisotropy.
From the results we reconfirm that the in-plane resistivity anisotropy originates from the anisotropy in the residual resistivity component. This implies that a doped Co atom works as an anisotropic scattering center with scattering cross section larger for carriers propagating along the b-axis (see a cartoon in the inset to Fig. 3 ). According to the theoretical calculation [25] , in the PT phase Co substituted for Fe introduces a weak and isotropic impurity potential of ∼ -0.5 eV to the d-electrons, much smaller than the band width of the d-bands. However, probably reflecting the underlying anisotropic electronic environment of the AFO phase, a Co atom anisotropically polarizes its surrounding and thereby scatters carriers more strongly in the b-direction. This is similar to the case of Zn in the cuprates. Zn antiferromagnetically polarizes its surrounding Cu spins [26] and acts as a strong scatterer in the unitarity limit. It is theoretically speculated that the induced anisotropic polarization may be associated with formation of local orbital order around a
Co atom, not spin order [27] .
The present conclusion is confirmed also by the optical measurement on detwinned Ba(Fe 1−x Co x ) 2 As 2 crystals from the same batch [29] which finds that the Co doping with decrease of T across T s for x ≥ 0.04 would be due to this disorder effect.
When the doping exceeds x = 0.04 where superconductivity appears and coexists with the AFO order, both in-plane resistivity anisotropy and residual resistivity rapidly decrease.
This suggests that at these doping levels the AFO order gets too weak for Co impurity to polarize its surroundings. In Fig. 3 we plot the doping dependence of residual resistivity (RR/x normalized by the Co concentration x in %), a measure of scattering strength of individual Co impurity. In the AFO phase RR/x is ∼ 60 µΩcm/% (x = 0.02), and becomes by an order of magnitude smaller in the PT phase above x = 0.08. Considering the Drude
anisotropy observed for Ba 1−x K x Fe 2 As 2 . Since K is substituted for the Ba site located away from the Fe plane, carrier scattering from the K impurities is so weak that the doped K atom does not polarize its surrounding anisotropically. Weak scattering potential of K is evidenced by the magnitude of the residual resistivity of Ba 1−x K x Fe 2 As 2 in the AFO phase which is by an order of magnitude smaller than that of Ba(Fe 1−x Co x ) 2 As 2 . Recently, it has been reported that the electron-doped Ca 1−x R x Fe 2 As 2 (R = rare earth elements) shows large in-plane resistivity anisotropy even though the dopant R site is away from the Fe plane [32] . However, the samples of Ca 1−x R x Fe 2 As 2 show an anomalously large residual resistivity which does not increase with x. Origin of this large residual resistivity is likely lattice defects and/or impurities introduced nearby the Fe planes as in the case of the as-grown BaFe 2 As 2 . Thus, whether the system is doped with electrons or holes does not matter in producing the in-plane resistivity anisotropy. It is induced by strong disorder.
In summary, we investigated the origin of the in-plane resistivity anisotropy of 
